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It is true that people are keeping their teeth longer than in the past. Measures such as oral hygiene, access to care and water fluoridation are having a positive impact on oral health in this country. The decrease in percentage of edentulous adults over the past 20 years has prompted some educators to propose that complete dentures be removed from the dental curriculum (Turkyilmaz et al., 2010) . However, it appears that the decrease in rates of edentulism among older adults is insufficient to offset the growing US population. Several trends are apparent when relating the US Census data from 1991-2020. The population projections from the 1996 Statistical Abstracts of the United States illustrate these trends. The total adult population will increase significantly from 187,020,000 to 245,139,000 people. The number of adults aged from 55 to 74 years will increase by 86%. The number of adults aged 75 and older will increase by 61%. Thus the US population of older adults will grow dramatically over the next 12 years. Estimated decreases in the percentage of edentulism for maxillary and mandibular arches for each age group of 10% for year 2000, 20% for year 2010, and 30% for year 2020 (Weintraub & Burt, 1985) . Even if a decrease in edentulism is assumed, an increase in the actual number of adults will result in an increase in the number of dentures needed over the next 12 years. Actually, the 2010 US Census reported 308,745,538 residents, which indicates a significant increase compared to the predicted number (245, 139, 000) . We can conclude that there will be a significant need for denture therapy, and that implant dentistry has the potential to dramatically improve the quality of life for those edentulous patients. Further, a range of treatment is available for improving the function, from twoimplant overdenture with mechanical attachments to a fully fixed-detachable hybrid prosthesis.
Patient demand and knowledge regarding implant therapy
The number of implants placed has been increasing significantly each year, (about 18% in the USA) (Turkyilmaz et al., 2010) . Improved implant surfaces and surgical techniques have led to a marked increase in predictability. This has resulted in a tremendous demand. The demand for implant therapy has fueled growth of the industry, and now many clinicians offer implant therapy, not just specialists. Problems with implants have been raising as more clinicians who do not have advanced training and skills have been involved in implant placement. Unfortunately, little quantitative data regarding implant complications related to level of training are available. Consecutive surveys of the Australian population showed that patient awareness of implant dentistry is increasing (Pommer et al., 2011) . Most patient's trust their general dentist for information regarding implant therapy, while one quarter turn to the media. Overall, the level of knowledge is satisfactory. The exception is patient's unrealistic expectations. Patient's demand for high-quality restorations has increased, and the majority felt that practice of implant dentistry should be limited to specialists. Similar trends regarding increasing patient awareness in the United States have been observed. However, due to the increasing prevalence of direct marketing, more patients are relying on media and internet sources for information regarding implant therapy. Advertisement has contributed to patient's unrealistic expectations regarding treatment times, and led to significant confusion regarding the range of treatment options available. Few resources are available to assist patient's in understanding of the variety of implant restorations along with the advantages and disadvantages of each.
Success criteria for implant therapy
Objective evaluation of the treatment outcome is paramount in order to ensure predictability and excellent long-term prognosis. The first criteria for success were proposed by Albrektsson et. al., in 1986 . However, success and failure lie at opposite ends of a spectrum. In order to better elucidate the actual condition of an implant, not just it's presence in the mouth, the Health Scale for Dental Implants was developed (Misch et al., 2008) . This scale consists of four categories: success with optimum health, satisfactory survival, compromised survival, and failure. The clinical indices evaluated in this scale include pain, mobility, radiographic bone loss, probing depths, and peri-implant disease. Optimum health is defined as the absence of pain or tenderness on function, zero mobility, less than 2 mm of radiographic bone loss from time of placement, and no history of exudate. At the other end of the spectrum is absolute or clinical failure, in which any of the following are present: pain on function, mobility, radiographic bone loss greater than 1/2 the length of the implant, uncontrolled exudate, or the implant is no longer in the mouth.
Treatment planning for implant-based restorations
The first phase of implant dentistry is planning. It is insufficient to identify an edentulous space, or missing tooth, and simply initiate surgery. First, a diagnostic wax-up of the proposed tooth form and ideal location must be achieved. From this, a radiographic guide is fabricated that simulates the wax-up. Next, diagnostic imaging must be done in order to determine the alveolar bone available for implant placement. Traditional radiographs including periapical films and panoramic films are helpful, but limited in application due their two dimensional nature and potential distortion. In 1972, the invention of computed tomography revolutionized medical and dental imaging. It became possible to obtain 3-dimensional digital images, thus an accurate assessment of the height and width of alveolar bone available for implant placement. This 3-dimensional image is the basis of establishing the treatment plan. It allows a practitioner to identify potential implant sites, measure the height and width of the available bone, and the necessary restorative space for the planned prosthesis and the components. If bone grafting, such as sinus augmentation, is necessary in order to position implants properly for a given prosthetic design, the necessary procedures can be incorporated into the treatment plan. Basically, this 3-dimensional image gives both the clinician and the patient a better idea of the limitations that will be encountered at the time of surgery, ensuring better predictability of both the surgery and the final prosthetic outcome.
CAD/CAM technology-surgical guides
CAD/CAM technology takes implant planning a step further, and enables fabrication of a surgical guide (Figure 1 ). The surgical guide directs the surgeon in the exact location and angulation to place the implant. There is a growing number of software programs that allow viewing and analysis of the 3D images and subsequent fabrication of a surgical guide. In the youth of implant dentistry, the treatment was surgically driven, meaning that the implant was placed according to the bone available at the time of surgery. This approach eventually proved erroneous, because many implants were placed in locations and angulations that made them difficult or impossible to restore. The evolution of the field has led to a restoratively-driven approach, where the restorative dentist communicates the desired position and angulation via a surgical guide. Conventional surgical guides, however, have some significant limitations. 
Surgical guides for implant placement
Computer-assisted planning and use of CAM surgical guides dramatically increases the accuracy of implant placement, which directly improves the outcome of the final restoration. These surgical guides help the surgeon avoid vital structures, and may decrease the length of the surgery. Furthermore, it assures the restorative dentist and dental technician a functional, esthetic, and predictable outcome. Equally important, CAD/CAM design and fabrication of guides improves the patient's experience with implants. CAD/CAM allows the possibility of flapless surgery, which entails less bleeding, less swelling, decreased healing time and post-operative pain (Fortin et al., 2006) . There are three broad categories of surgical guides: conventional, SLA fabricated, and castfabricated. Conventional implies it was the method employed prior to CAD/CAM, but with the rapid evolution of the field, the term conventional is unclear, and encompasses a large variety of techniques. One specific conventional technique for surgical guide fabrication entails fabricating a scanning template or radiographic guide, usually tooth-borne. Then, according to the findings of the CBCT, identifying reference points that allow orientation of the radiographic guide on a surveyor table in conjunction with a drill press to create the pilot hole that will guide the surgeon. This technique, since it is the opposite of digital, is coined "analog". The major distinction between the two types of CAD/CAM surgical guides lies in the fabrication. SLA guides are purely CAD/CAM, whereas cast-fabricated are initially made on a stone model, then a computerized version of the surveyor and drill press create the pilot holes based on the digitally planned implant placement. Each has its advantages and disadvantages. The SLA process leaves topographic seams, which may not fit the occlusal and axial anatomy of a tooth. If the surgical guide does not fit precisely and accurately, the surgical result may be compromised. A surgical guide that is fabricated on a stone model, however, can be tried in intra-orally and verified prior to the CBCT scan and subsequent conversion into a surgical guide. 
Type of support for implant surgical guides
Surgical guides can also be classified according to the type of support: bone, mucosa, tooth (Figures 2,3 ), or combination tooth-mucosa. The choice of which type of support depends on many factors, such as the number of teeth remaining in the arch, whether the mandibular or maxillary arch is being treated, and the anatomy of the edentulous or partially edentulous ridge. Teeth offer a very stable support for a surgical guide, but the complex topography of the occlusal surface may make increase the time required to fit the surgical guide to the mouth. Soft tissue, is by definition compressible and displaceable to varying degrees. Extra measures must be taken to ensure that a mucosa-supported surgical guide is positioned accurately to ensure surgical success.
Software for implant planning and surgical guide fabrication
Presently, there are a multitude of software programs for virtual placement of implants and subsequent fabrication of surgical guides. The most well-known are Procera from Nobel Biocare and Simplant by Materialise, but many more have recently been introduced to the market. Each software platform varies in the types of guides available and which implant system it is compatible with. Procera NobelGuide includes mucosa and tooth based guides and is strictly compatible with Nobel Biocare implants. Simplant offers bone, tooth, or mucosa based guides and is can be employed with virtually any implant system. Each software presents it's own limitations and challenges; cost is also a consideration for the clinician. All of the current software programs are based on algorithms for medical CT, not CBCT, which may influence interpretation of the data. In addition, the corresponding surgical kit for each implant system may or may not offer depth control, which will ultimately influence the surgical outcome.
Accuracy of guided implant surgery
The accuracy of CAD/CAM surgical guides has been investigated with in vitro, human cadaver, and clinical studies. The available research supports the hypothesis that guided surgery is accurate, with certain limitations. Ersoy et. al.(2008) , placed 94 implants using SLA surgical guides generated from CT. CT images were obtained with radiographic templates in place, and implants were placed virtually. SLA surgical guides including bonebased, mucosa-support, and tooth-support were then fabricated and used for implant surgery. Following implant placement, a new CT scan was taken. Special software was employed to overlay the planned placement with the post-surgical outcome, matching anatomical markers. This allows analysis of the outcome in three dimensions. The mean linear deviation was 1.22 ± 0.85 mm at the implant neck and 1.51 ± 1 mm at the implant apex. In general, a greater distance between simulated and actual implants was observed at the implant apex than at the implant neck. The mean angular deviation in long axis between the planned and placed implants was 4.9 ± 2.36 degrees. Careful consideration must be given to the mean error, versus actual error for an individual patient. In the previous study, the mean angular deviation was 4.9 degrees, but the actual error for one patient was 9 degrees. Depending on the available height and width of the alveolus, this error could result in dehiscence of the bone and eventual failure of the implant.
In vitro studies such as Besimo et al. (2005) , aimed to determine the magnitude of error in transferring the planned position of implants from CT scans to a sur g ical g uide. T he deviation between the positions of the apex of the proposed implants in cross-sectional CT images and on the corresponding study cast was measured in 77 prospective sites in five maxillae and nine mandibles. The transfer error was 0.6 ± 0.4 mm in the maxilla and 0.3 ± 0.4 mm in the mandible. However, they concluded that the transfer errors found in their study were not clinically relevant as their study was an in vitro study. They also stated that other factors involved in transferring positional and angular measurements from CT images to the surgical area may result in greater errors. Little evidence is available regarding the accuracy of guided surgery compared to conventional implant placement, using the analog technique for guide fabrication. Sarment et al.(2003) , placed 50 implants into five epoxy edentulous mandibles. Each epoxy mandible received five implants in each side. On the right side, five implants were placed using a conventional surgical guide (control side), while on the left side, five implant were placed using a stereolithographic surgical guide (test side). They found a statistically significant improvement in all measurements when SLA surgical guides were used compared to conventional guides and suggested that the clinical significance of this result may be relevant when multiple parallel distant implants are placed, and where the degree of accuracy is critical to obtain a single prosthetic path of insertion. They also reported, when the control surgical guide was used, the center of the osteotomy was 1.5 ± 0.7 mm away from the center of the planned implant at coronal end and 2.1 ± 0.97 mm at the apex. When the test appliance was used, these distances were 0.9 ± 0.5 mm at the implant head and 1 ± 0.6 mm at the apex. The available evidence suggests that CAD/CAM surgical guides are relatively accurate, but more research is needed in this area. Better data on the possible error will ultimately improve clinical judgement and case selection. This could potentially reduce or even eliminate error.
Guidelines for CAD/CAM guided surgery
Currently there are no published guidelines regarding indications for flapless surgery versus a conventional open-flap surgery. It is clear from Sarment's study (2003) that the use of a CAD/CAM guide can increase the accuracy of implant placement, and when used in an open-flap surgery, the surgeon has the capacity to intercept potential error by visualizing the bone and implant directly. Thus, in an open-flap surgery, CAD/CAM surgical guides are superior to conventional guides. The decision of whether to perform a flapless surgery depends on many factors. Patient comfort, decreased healing time, maintenance of blood supply, and decreased surgical time are all advantages of flapless surgery. The accuracy of implant placement required depends in large part on the type of restoration planned. For example, an implant-overdenture has a medium level of accuracy necessary, in that linear and angular deviations can be accommodated by the attachment system. A fixed restoration, on the other hand, has a significantly lower degree of freedom, and may indicate CAD/CAM guided surgery in order to maximize the precision of implant placement. The type of template support is also an important consideration. Flapless surgery can be accomplished with a tooth-born guide, a tooth-tissue born guide, or a purely tissue-supported guide. The number of teeth, condition of the tissue, and morphology of the residual ridge will all affect the overall stability of the guide and the accuracy of placement, which directly impact the accuracy of implant placement. A good rule of thumb for an edentulous arch is if the denture has reasonable stability and resistance to lateral dislodging forces, a tissue-supported surgical guide will have the same degree of stability. In general, a maxillary denture is more stable than a mandibular denture. In addition, the opposing dentition or prosthesis can aid in predictable placement which will increase the accuracy. It is reasonable to incorporate the mean accuracy of guided systems into a set of guidelines, particularly for flapless surgery. For example, if the average linear deviation is 1.22-1.51 mm, and 1 mm of bone is necessary buccal and lingual to the implant, one can conclude that the alveolar ridge must be wide enough to accommodate both the implant and the potential error. This window of safety may vary based on the stability of surgical guide, which relates back to the type of support and the stability of the scanned template from which the surgical guide is patterned. Establishing guidelines based on the available is imperative, but ultimately clinical judgement must be the final determinate. Immediate loading and pre-fabricated provisional restorations are other advantages of CAD/CAM surgical guides. By using a CAD/CAM surgical guide, a pre-fabricated provisional restoration can be delievered immediately after implant placement, which increases the patients' self-confidence dramatically. The pictures of one of our patients using NobelGuide and a maxillary provisonal restoration (screw-retained fixed dental prosthesis) have been presented below (Figures 4-13) . 
CAD/CAM technology-bars & frameworks
CAD/CAM technology has significantly improved the restorative aspects of implant dentistry as well. Implant restorations can be supported or retained by individual attachments, splinted with a bar for an overdenture, or splinted by a framework that supports a fixed restoration such as a hybrid. Prior to CAD/CAM, bars and frameworks had to be cast from gold alloy.
Conventional framework fabrication
Traditional castings have a major limitation inherent in the process, which is distortion of the casting with increasing size of the pattern (Takahashi & Gunne, 2003; Al-Fadda et al., 2007) . Osseointegrated implants lack a periodontal ligament, thus tolerance of fit is greatly reduced when comparing tooth-supported cast restorations to implant-supported restorations. Single and two implant restorations can be cast within this tolerance, because the distortion is limited based on size. Full arch restorations, however, are difficult to cast successfully. Over the years, a multitude of casting corrective procedures have been employed, including sectioning and soldering, laser welding, and electric discharge machining. CAD/CAM fabrication of bars and frameworks has resulted in elimination of distortion, better fit, fewer fabrication steps, and faster turn-around (Ortorp & Jemt, 2000; Takahashi & Gunne, 2003; Al-Fadda et al., 2007) . The workflow for creating a CAD/CAM bar starts with an accurate impression and model including the implant analogs. The model containing the implant analogs is then scanned, and then the CAD portion begins. Currently, bars and frameworks can be milled from titanium or zirconium. Titanium is abundant on Earth and offers a significant cost savings relative to gold.
Prosthetic designs and space allocation
There are several prosthetics designs with dental implants (Figure 14) . Overdentures, whether supported by a conventional cast gold bar or a CAD/CAM titanium bar, are space intensive, due to the multiple components involved. Careful planning is necessary to ensure that the implants are placed in the correct position, and there is adequate restorative space for the soft tissue, the implant-supported bar, attachment system, overcasting or prosthetic framework, artificial teeth and pink acrylic base. The exact amount of restorative space depends on the specific prosthetic design and the restorative materials employed. The issue of space allocation can be addressed in the planning stage for implant placement, utilizing the scan template in order to calculate the distance between the alveolar crest and the occlusal surface. Some authors have advocated 8-12 mm of crown-height space for fixed restorations and greater than 12 mm for removable prostheses (Misch et al., 2005) . More specific recommendations based on the specific prosthetic design are 6-8 mm for single implant crown, 8-12 mm for locator retained overdentures, 10-14 mm for acrylic hybrid restoration, and 12-14 mm for a bar-supported overdenture. In actuality, the various prosthetic components exist in three-dimensions, thus linear measurements can only serve as guidelines to ensure adequate restorative space. Many of the newer software platforms are incorporating virtual abutments so that components can be pre-selected and ordered at the same time as the surgical guide. Prosthetic design is also influenced by material compatibility. Certain materials are conducive to CAD/CAM while others are not. Titanium and zirconia are well suited for CAM techniques, whereas gold is not. Conversely, porcelain systems developed for gold alloys have been used for many years with a high degree of success, whereas the newer porcelain systems developed for veneering titanium and zirconia lack long term clinical data. For example, a 6 year follow-up on porcelain fused to titanium fixed dental prostheses revealed that titanium PFMs had a 84% survival after six years, compared to a 98% survival for gold alloy PFMs (Walter et al.,1999) . As porcelain systems continue to be improved, the applicability of CAD/CAM in implant dentistry will increase.
Passive fit
Critical to the long term success of implant based restorations is careful consideration of the biomechanics involved. Following osseointegration and placement of a final restoration, both functional and parafunctional loads can be transfered to the implants that may affect remodeling of the bone-implant interface. In the case of splinted implant restorations, it is possible that the restoration itself may transmit strain to the bone-implant interface. Ideally, the restoration would fit passively on the supporting implants, thus minimizing strain and the concomitant biological response. The concept of passive fit was considered even in early applications of implant-based restorations. The original Branemark design consisted of five implants placed in the anterior mandible, a cast framework supported by five standard abutments and acrylic resin teeth and gingiva processed onto the framework (Figure 15 ). Branemark considered passive fit to exist when the gap between the framework and the abutment was 10 microns (Abduo et al., 2010) . Several authors have proposed definitions of passive fit, however all definitions are theoretical, and difficult to assess clinically. It has been suggested that absolute passive fit cannot be achieved, nor is there concrete evidence that passive fit ensures the long term prognosis of the implants and restoration (Sahin & Cehreli, 2001) . It is, however, reasonable to expect fewer mechanical complications, such as screw loosening and porcelain fracture, when the components fit more accurately. The concept of clinically acceptable fit incorporates the goal of minimizing both biologic complications and mechanical complications. Clinically acceptable fit in combination with control over the occlusal forces is a practical approach to ensuring success of the implants and the restoration. Framework fit can be assessed by a variety of methods. Clinical methods for assessing framework fit include finger pressure, visual inspection, radiographs, tactile sensation, Sheffield test, disclosing materials, and the screw resistance test (Abduo et al., 2010) . Each method has both advantages, disadvantages, and relative accuracy. In general, the intra-oral methods such as visual inspection, finger pressure, and disclosing agents are of limited value with subgingival margins. The screw resistance test (Jorneus et al., 1992 ) is based on the thread pitch of the original gold prosthetic screws, thus has limited application to newer systems and alloys. The Sheffield test, also known as the single screw test, combined with radiographic evaluation, is an efficient technique, especially for long span frameworks. If a single screw placed in a distal abutment does not create a vertical gap on the opposite end of the framework, the framework is said to have clinically acceptable fit. Multiple in vitro methods to assess framework fit can be utilized to compare the relative accuracy of various methods of fabrication. In vitro methods include photoelastic, strain gauge analysis, finite element analysis, microscopic, photogrammetric, and coordinate measuring machine (Abduo et al., 2010) . These methods can be qualitative, quantitative, 2-dimensional or 3-dimensional. For example, strain gauge analysis is both quantitative and 2-dimensional, yet depends on the location of the strain gauge, and the ability of the material to mimic natural tissues. At this time, none of the available methods for assessing accuracy of fit have been validated with clinically relevant parameters.
CAD/CAM Framework and bar fabrication
CAD/CAM applications have surged in the market over recent years. There are now multiple commercial sources that can produce purely CAD/CAM bars and frameworks, or copy-milled CAM structures for implant prostheses. Procera from Nobel Biocare, CAMStructure from Biomet 3i, and Vericore from Whip Mix are just a few examples. Most companies offer stock designs such as a Dolder bar or Hader bar that can be masked on a virtual master cast of the implant analogs and soft tissue contour. The stock design is then contoured to the arch form, and modifications can be made to idealize the bar design. A second scan of the wax denture can be overlaid in order to allocate adequate space for attachments and adequate thickness of the resin denture base. For ceramic frameworks, a scan of the full-contour wax-up can be matched to the virtual master cast, and a virtual cutback can be performed to allow adequate thickness for veneering porcelain. By using CAD/CAM frameworks, fixed partial (Figures 16-24 ) or full-arch (Figures 25-38 ) dental prostheses can be fabricated. For more complicated designs, a resin pattern of the desired framework can be scanned and the structure can be CAMed via a process known as copy-milling. Zirkonzahn, for example, utilizes a optical scanner with computerized 5-axis copy-milling technology that allows fabrication of highly detailed zirconia frameworks. Fig. 16 . Procera copy-milled titanium framework from Nobel Biocare. 
Comparison of fabrication techniques
An abundance of literature supports the improved accuracy of CAD/CAM over traditional casting, even when corrective procedures are included. A recent publication by Drago et al. (2010) , evaluated volumetric misfit of CAM and cast 5-implant frameworks fabricated in three different laboratories. Thirty implant level impressions with verified implant indices were made from one master cast with five intra-foraminal mandibular implants. Fifteen verified master casts were scanned and CAD/CAM frameworks were fabricated. Another fifteen verified master casts served as the base for attachment of UCLA abutments and resin pattern fabrication for casting procedures. A volumetric analysis of fit based on single screw test and "best fit" of individual frameworks to respective master cast revealed that the CAD/CAM frameworks were significantly more accurate than the cast frameworks. An earlier study by Riedy et al.(1997) , showed similar results when comparing one piece cast frameworks to Procera CAD/CAM frameworks. They also found that sectioning and laser welding cast frameworks significantly improved the overall fit. These results are consistent with other studies comparing conventional casting to CAD/CAM techniques (AlFadda et al., 2007) . Given the significant improvement of fit and decrease in laboratory time, CAD/CAM bars and frameworks, particularly for overdentures and hybrids, will soon be the standard.
Conclusion
CAD/CAM technology has revolutionized the field of implant dentistry. CAD/CAM surgical guides have greatly improved the predictability of implant surgery. CAD/CAM bars and framework have proven more accurate, less expensive, and less time-consuming to produce. All of this results in improved experience for the patient, decreased treatment time, and greater accessibility. The future of dentistry is quickly approaching. Digital impression systems and CAMed models for tooth born restorations are rapidly expanding in the market. Virtual tooth libraries allow CAD/CAM of both provisional and final tooth-born restorations. Numerous implant companies have already designed abutments for compatibility with digital impression systems. Just on the horizon is virtual articulation and virtual tooth arrangement, thus completing the virtual relm o f d e n t a l t e c h n o l o g y . I t i s c l e a r t h a t CAD/CAM technology has transformed all aspects of dentistry, not just implant dentistry.
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